J o u r n a l P r e -p r o o f 5 explanations that have been previously proposed. For instance, it has been proposed that children reared in poverty lack rules, routines, and structure, and that the environments of children from low-SES families are more "chaotic," disorganized, and unstable (Evans & Wachs, 2009). In turn, this lack of structure, consistency, and routines is thought to produce poor EF (Evans, Although each of these models has some empirical support, they are limited in their ability to explain the types of environmental experiences that are required to develop adaptive EF and support PFC development. For example, although exposure to stress may impair PFC function, a stress account provides insufficient explanation for the types of experiences that are required for the PFC to develop the capacity for EF (i.e., an absence of stress does not sufficiently describe the types of experiences that scaffold EF development). The strongest support for these proposed mechanisms comes from studies of children living in poverty (Blair et al., 2011) . However, as SES increases, features of the environment that tend to co-occur with poverty-including stress and chaos-are generally mitigated. In other words, differences in EF among children from economically stable middle-class families as compared to wealthy families is unlikely to be explained by greater levels of stress or chaos in the children from middle-class families ( focused on stress and chaos cannot account fully for why PFC structure and function and EF vary along the entire SES gradient. Rather, they are explanations as to why we might expect to see disparities among youths raised in poverty or in more extreme adverse environments compared to children raised in more advantaged circumstances.
We focus on the role of cognitive stimulation as a mechanism linking SES and EF, building on other recent conceptual models (Hackman, Farah, & Meaney, 2010; Sheridan & McLaughlin, 2014) . Cognitive stimulation is characterized by access to a complex environment with developmentally appropriate learning materials, a rich variety of experiences, a complex linguistic environment, and the presence of a caregiver who interacts with the child consistently and uses strategies that promote learning (e.g. scaffolding). Access to complex sensory, linguistic, motoric, and social experiences that occur in the context of caregiver interactions have been argued to shape the early forms of learning that scaffold the development of more complex forms of cognition, including EF . We argue that cognitive stimulation supports development of the feed-forward and feedback loops between sensory processing regions and the PFC, which lays the groundwork for the complex computations necessary for EF (Werchan & Amso, 2017) .
In contrast to other proposed mechanistic explanations, cognitive stimulation accounts for the association between SES and EF across the entire SES distribution and highlights specific types of experiences that are likely to scaffold development of the PFC. Other aspects of early experience encompassed in our definition of cognitive stimulation also vary across the SES distribution and predict EF, including language exposure and parent scaffolding of child learning. Caregiver language quality and quantity increase across the entire SES distribution (Gilkerson et al., 2017; Hart & Risley, 1995; Romeo et al., 2018; Rowe, 2012) and contribute to SES-related differences in neurocognitive development, including EF . Parental scaffolding provides a structure and framework in which children have the tools to learn while letting the child explore and work toward independence (Vygotsky, 1978; Wood, Bruner, & Ross, 1976) and is a specific dimension of parenting thought to be important in the development of EF (Lengua et al., 2014 (Lengua et al., , 2007 . Parental scaffolding varies as a function of SES, such that higher SES parents provide more scaffolding than their lower SES counterparts Importantly, parenting is a complex construct including many elements across emotional, cognitive, and social domains (Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000; Maccoby & Martin, 1983; Mermelshtine, 2017) . Here, we focus specifically on the degree to which parents interact with their children in ways that support child learning. This includes both the quantity of interaction as well as the quality of that interaction (e.g., linguistic complexity, and use of specific strategies that promote learning, like scaffolding). Many other aspects of parenting do not, in our view, reflect cognitive stimulation -such as warmth, responsiveness, predictability, discipline strategies, and many others.
Together, this body of literature suggests that variation in multiple components of cognitive stimulation including environmental complexity, variety of experiences, linguistic exposure, and parental involvement in child learning are plausible mechanisms explaining SESrelated disparities in EF.
A Novel Account: Scaffolded Perceptual Experience Drives EF and PFC Development
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Here we integrate and expand on these existing mechanistic models in a novel conceptual model with testable hypotheses. Specifically, we advance a model that posits a central role of interaction with caregivers early in development in shaping EF and PFC development. In this section, we dissect how high level cognitive stimulation may drive lower-level sensory and perceptual processes that may impact the development of EF and PFC beginning in infancy. We use recent approaches to EF and PFC development as a guide to understanding these individual Expanding on these accounts of early PFC development, we posit that the early regulation of attention and/or resolution of conflict that is facilitated by early interactions with caregivers lays the groundwork for the more complex computations necessary for EF that the PFC performs as the child develops. Through this lens, we describe the mechanisms that might link the quantity and quality of early caregiver interactions and the richness of sensory experience with individual differences in the development of EF and the PFC. We then evaluate this model by presenting evidence in support of hypotheses that fall within this framework and highlight the need for future studies to evaluate hypotheses that remain untested.
In this section, we outline the specific types of environmental experiences afforded by early interaction with caregivers-including cognitive and perceptual stimulation and language processing-that we argue are critical for the development of the PFC and EF abilities.
Specifically, we outline two unique pathways through which caregiver interactions and linguistic experience shape early PFC development.
Attention Regulation Pathway. Unlike sensory systems, the PFC does not receive input directly from the external environment, but rather integrates information from other brain regions, including sensory areas. Amso and Scerif (2015) posit that in typical development, the PFC relies on sensory input and complexity to develop. Early in development, children experience an influx of sensory and linguistic information, and we argue that caregivers play a critical role in guiding children's attention to relevant environmental stimuli in ways that foster the development of EF. Although sensory inputs of many kinds are important in this process, we use the development of the visual system to make our arguments. (1) is learned through interaction with social partners (e.g., faces), (2) is labeled by caregivers through speech (e.g., colors, objects, people, places); and (3) varies in quantity and quality as a function of caregiver ability to provide children with complex sensory stimuli (e.g., toys, books, etc.). We further argue that information coming from ventral visual stream regions provide some of the earliest inputs to the PFC that require complex computations.
Infants are bombarded on a daily basis with novel sensory information, and social interactions with caregivers highlight which of the competing environmental inputs to select (i.e., direct attention to) and which to suppress. One experience through which this happens involves We propose that in environments with limited caregiver interactions, children are given less external guidance to regulate attention and have less experiences involving competition between sensory inputs for attention that must be resolved. This reduced caregiver interaction coupled with reduced access to sensory complexity (e.g., reduced access to books, toys, and complex stimuli with which to engage) may result in limited organized feed-forward information from the ventral visual stream to the PFC. Over development, this may result in lasting differences in PFC functioning and EF abilities. The complex sensory world generates conflict between stimuli with similar features that needs to be resolved, and semantic tags for these stimuli can help to resolve this conflict. For example, a red ball and a red apple are perceptually quite similar. Through child-directed speech, caregivers help children not only to guide their attention to relevant information in the environment, but also to associate these perceptually similar visual inputs with semantic tags (e.g. red ball with a stem is an apple, red ball without a stem is a toy). When a child is confronted with an object with competition between potential semantic tags (e.g., ball / toy; apple / fruit) in conjunction with input from a caregiver as in the above example, we posit that this provides an opportunity for information to be fed from the ventral visual stream to the PFC to resolve the competition. Children are able to form object category labels via child-directed speech even before they can produce speech (Ferguson & Waxman, 2016) , demonstrating that the formation of semantic categories occurs very early in development. The PFC is involved not only in the detection and resolution of competition (Miller & Cohen, 2001 ), but also in the selection of information from semantic memory when competing alternatives exist (Thompson-Schill, D'Esposito, Aguirre, & Farah, 1997). As children learn language, which facilitates object recognition and semantic knowledge, the PFC is continually engaged in the resolution of these types of conflicts and is performing the types of computations that will later be necessary for engagement in more complex forms of competition resolution that are typically considered in the domain of EF (e.g., between competing rule sets and goals).
In the remainder of the paper, we present several key hypotheses that fit within this conceptual framework of the developmental mechanisms linking SES with EF, including: 1) SES is associated with cognitive stimulation; 2) cognitive stimulation is associated with EF and PFC development; 3) SES influences development of the ventral visual stream-potentially more so documented large SES-related differences in the number of words to which children are exposed in the first four years of life. More recent research suggests that both the quantity and quality of language varies by SES and influences language development in children (Gilkerson et Additionally, parental verbal scaffolding is associated with SES such that higher-SES parents provide more verbal scaffolding support for their children (Lengua et al., 2014 (Lengua et al., , 2007 Mermelshtine, 2017) . This potentially provides structure for the development of attention regulation, which may in turn lay the groundwork for development of higher-level cognitive functions as we discuss below.
Cognitive Stimulation and Executive Function
In this section, we present evidence regarding the hypothesis that cognitive stimulation in the context of caregiver interactions supports both EF and neural development. We discuss how variation in cognitive stimulation, caregiver interactions, and linguistic experiences early in development is associated with individual differences in EF and review some evidence that cognitive stimulation is linked to structure and function of both the ventral visual stream and PFC.
Several studies have investigated the associations between cognitive stimulation and EF.
Exposure to enriching activities and environmental complexity are associated with child EF, including working memory, inhibitory control, and cognitive flexibility (Sarsour et al., 2011) .
The degree of cognitive stimulation in the early home environment as reported by caregivers predicts individual differences in children's working memory and planning later in development . Recent work from our laboratory replicates and extends these findings to show that cognitive stimulation-assessed with a gold-standard observational measure-is associated with individual differences in working memory, inhibitory control, and cognitive flexibility as well as growth in inhibitory control and cognitive flexibility in early childhood Together, these studies show that the degree of complexity and cognitive stimulation in the early environment, shaped largely through children's interactions with caregivers, are meaningfully associated with EF as well as development of the PFC. This association exists in extreme cases of deprivation, as in the case of early institutional rearing, as well as in more common forms of variation in the home environment across the SES distribution.
SES, Cognitive Stimulation, and Ventral Visual Stream Development
The proposed model suggests that SES should be associated with structure and function of the ventral visual stream, which is explained by SES-related differences in cognitive stimulation.
With regard to the first prediction, meaningful SES-related differences in neural structure have been found in the ventral visual stream in many studies. Specifically, lower income, With regard to the second prediction, we argue that these SES-related differences in both structure and function of the ventral visual stream may be explained by SES-related differences in caregiver interactions, cognitive stimulation, and early linguistic experiences. To our knowledge, there has only been one longitudinal study to date that has investigated how early cognitive stimulation is related to brain structure. Critically, the only regions that show an association between early cognitive stimulation and cortical thickness are the PFC and the ventral visual stream. Results of that study reveal that cognitive stimulation at age four was associated with reduced cortical thickness in the ventral temporal cortex, including the fusiform gyrus, and the prefrontal cortex in late adolescence (Avants et al., 2015) . This study shows both specificity of the type of environmental factor and timing of exposure in shaping ventral visual J o u r n a l P r e -p r o o f 20 stream and PFC structure: only cognitive stimulation (and not parental nurturance) at age four (but not age eight) was associated with cortical structure in adolescence.
Indirect evidence for a role of cognitive stimulation in shaping visual attention comes from a study of institutional rearing, demonstrating blunted P100 responses-an ERP component involved in perceptual processing-to faces in children raised in deprived orphanages; this early blunted neural response to faces was associated with attention problems later in development, even if the child was removed from the deprived environment before the age of 24 months 
SES-Related differences in the Ventral versus Dorsal Visual Streams
Although reciprocal connections exist between the PFC and both the ventral and dorsal visual streams, existing evidence supports the notion that variation in environmental experience is associated with development of the ventral visual stream and associated functions (see Table   1 
SES Distribution
In this section, we provide support for the hypothesis that variation in cognitive stimulation, language exposure, EF, and PFC structure and function spans the entire SES This piece provides a novel conceptual framework from which to launch future research.
Here, we discuss important questions that require further investigation. First, the data that we present here are for the most part cross-sectional and correlational. We advance the idea that cognitive stimulation drives development of the ventral visual stream which communicates through feedfoward-feedback loops to drive development of the PFC and related EFs. However, due to the lack of longitudinal imaging and behavioral data, these data are also consistent with the reverse idea: that the development of the PFC and related EFs drive the development of the ventral visual stream. In order to disentangle these possibilities, future longitudinal work should demonstrate that development of regions of the ventral visual stream and related sensory processes precedes and predicts both EF performance and PFC structure and function.
Relatedly, the timing of this sensitivity is poorly understood. Some work points to the importance of cognitive stimulation early in development being associated with EF and brain Furthermore, we argue that caregiver interactions coupled with an environment rich with sensory information help support PFC and EF development. We believe that both of these aspects of the environment are critical. For instance, simply having access to toys that teach numbers without the presence of a caregiver to help guide learning may not lead to strong EF development. However, whether each of these aspects of cognitive stimulation is equally important and whether their impact is additive remains unknown and requires a more nuanced assessment of the home environment in future studies. Additonally, it remains unknown how specific types of caregiver interactions (e.g. parental language complexity vs. parental scaffolding) might impact EF and neural development differently. Our hypothesis is that both quantity and quality of caregiver interactions are critical. We predict that any environment that reduces a child's ability to receive consistent and reliable information from caregivers to guide attention and learning would impact development of EF, the ventral visual stream and PFC structure and function. Future work should measure caregiver interactions using a wide variety of dimensions (e.g. stimulation-deprivation, safety-threat, predictable-unpredictable) to disentangle the precise elements of parenting that are most strongly related to neurocognitive development.
Our current model posits that higher levels of cognitive stimulation drive development of EF in children. However, it is also possible that these associations reflect either geneticallymediated pathways or that children with higher EF abilities elicit more cognitive stimulation from their caregivers. With regards to the first, parental cognition is also positively associated with child neurocognitive development, which could reflect genetic influences on cognitive development and that higher maternal cognition is associated with greater engagement in scaffolding and other behavior that stimulates cognitive development in children (Bacharach and Moreover, parental scaffolding of child learning mediates the association between SES and cognitive development in children, even after controlling for maternal cognition (Ronfani et al., 2015) . Thus, existing evidence suggests that although parental cognitive ability plays a role in children's cognitive development, the quality of the home environment-including the degree of cognitive stimulation-plays an important role in cognitive development over and above these effects. Thus, it is possible that interventions designed to increase cognitive stimulation in the home may be effective in improving cognitive and neural outcomes in children regardless of the cognitive abilities of caregivers. that altered neural development in these circuits plays a role in the wide range of adverse outcomes observed among children raised in low-SES environments. Greater research is needed to identify the neural mechanisms contributing to these disparities.
Conclusion
We propose a novel mechanistic account of how the early environment scaffolds the development of EF as well as PFC structure and function. Specifically, we propose that cognitive stimulation-which encompasses access to a complex environment with developmentally appropriate learning materials, a rich variety of experiences, a complex linguistic environment, and the presence of a caregiver who interacts with the child consistently and uses strategies that promote learning-is critical in shaping the development of EF and the PFC and explains disparities in EF among children raised in lower-SES households. In this paper, we propose that cognitive stimulation early in development helps to shape PFC development by providing opportunities to regulate attention and resolve conflict between competing visual inputs, including through input from the ventral visual pathway, which may in turn produce enhanced representation of visual stimuli. We further argue that language exposure supports the development of EF by supporting object disambiguation and semantic knowledge. We provide evidence that these pathways are a plausible mechanism linking early environmental experience to the development of EF and the PFC. Specifically, we demonstrate that SES is associated with cognitive stimulation; that variation in cognitive stimulation is associated with individual differences in EF and the structure and function of the PFC and ventral visual stream; and that cognitive stimulation varies across the entire SES distribution and can explain the presence of SES-related differences in EF and PFC even in high-SES families. We suggest that these differences in experience beginning early in development may produce lasting differences in development of visual association cortex which in turn impacts development of PFC circuitry and EF. Studies that aim to test this biologically plausible model have potential to uncover the environmental and neural mechanisms underlying SES-related disparities in EF as well as the developmental windows in which children are most sensitive to cognitive stimulation. This work will be important for determining the types of interventions that may be most effective for mitigating SES-related disparities in cognitive and academic outcomes. 
